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{ SUMMARY )

Purpose &
Contents

This project is to share expertise about river measurement techniques, river
vegetation characteristics, and influence of vegetation on river flows and river
bed and obtain advanced technologies on Dutch rivers from Deltares through
international seminars.

Using the interactive seminar with Deltares, a chance of collaboration was
sought by showing Korean technologies on river management.

The international seminar targets scientists and engineers of Deltares and Delft
University of Technology and consists of specified sessions for practical
discussion for future collaboration.

As an effort to expand the collaboration research group, the second seminar
was held in the River Experiment Center of Korea Institute of Civil Engineering
and Building Technology inviting experts from University of |daho.

Results

Understanding of river management considering vegetation

Understanding of ecological approaches for river management

Relationship and network for potential collaboration on river vegetation
researches with Deltares, TU Delft and University of Idaho
Acquisition of spectral imaging technigues for vegetation assessment
Participation to TKI Project supported by Dutch government as a partner
Participation to the proposal to an international NSF project for a fundamental

research with University of ldaho

Expected
Contribution

It is possible to apply outcomes from the seminar and following collaboration
to predict river changes with vegetation due to changes of climate and
environments.

The outcomes can be used as a technigue to cope with dramatically changed
river environments, especially with prevalent vegetation.

Numerical models and software related to the topic of this project can be
developed based on international cooperation.

There is a possibility to make productible outcomes such as publications and
patents because not many studies leads the area.

With presentations and discussion, Korean researchers can lead cooperation

works on vegetation effects in fluvial environments.

Keywords

. . real scale numerical .
river vegetation . ) river bed
experiment analysis
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Deltares-KICT Seminar:

Interaction between vegetation

patchiness and river hydraulics

(1) Session 1: Cooperation between KICT and Deltares

o Ellis Penning "Joint project on vegetated flows between KICT and Deltares”

o0 Bas van Vossen "International relationship of Deltares with Asia”

o0 Yong-Uk Ryu "Real scale experiments at the River Experiment Center, KICT"

o Un Ji "River morphology studies of KICT”

o Erik Mosselman "Safety against flooding: Room-for-the-River measures”

o Discussion



(2) Session 2: Field Trip

0 Waal River, Waardenburg

o Water Authority Rivierland, Tiel

(3) Session 3: Effect of Vegetation on River Flows

o0 Joon-Gu Kang "Flow pattern inside and outside vegetation patches with alternating

placement”
o Ellis Penning "The link between vegetation patchiness and river hydraulics”

oSang-Hwa Jung "Composite suitability index for physical habitat analysis using

ANFIS method”

o Valesca Harezlak "Ecological aspects of Dutch collaboration research program for

optimal river management, River Care”
o Discussion
o Wijand Ijzermans "Impact of seasonal undergrowth on hydraulic models”

oDong Sop Rhee "Effect on river habitat change by small dam removal considering

vegetation”
oUn Ji "Roughness coefficient analysis on vegetated flows in the large scale channel”
o Koen Berends "River dynamics of a vegetated condition in Delf3D”
© Marloes Witterbrood "Theoretical backgrounds of fluvial hydraulics

oYong-Uk Ryu "Experiment plan of 2016: alternating vegetation patches and new

design of cross-sectional patches”

o Discussion

(4) Session 4: TKI Dotter Project

o Ellis Penning "Introduction of the TKI dotter project”

0 Ge van den Eerwegh "Monitoring of aquatic vegetation for hydraulics and ecological

targets by hyperspectral sensor using UAV”
0 Dong Sop Rhee "Hydraulic resistance of vegetation in open channel flows”
o Rik Noorlandt-Austen "TKI-Dotter experimental settings and software design”

o Mike van der Werf "Demonstration of Spectral Image measurements on UAV”



o Discussion for 2016 plan

(5) Session 5. Future Cooperation

o Ellis Penning

Deltares”

"Inviting more groups to the joint project: University of Idaho,

o Rik Noorlandt-Austen "Plan of experiments and seminar at KICT”

o Discussion for future cooperation

0 Yong-Uk Ryu "Finishing the seminar”

OEETARES-KICT
SEMINAR,,

%

Interaction between vegetation patchiness

and river hydraulics

, March21-15, 2016
D*gres. Delft & Utrecht, The Netherlands

| ka8 iy e
A

1330 | Wij “impact of hy models”

14:00 | “Effect on river d

considering vegetation'”

1430 | Unji

»

1500 | Koen Berends "River dynamics of a vegetated condition in Delf3D"
1530 | Coffee break

16:00 |

16:30 | Yong-Uk Ryu "Experiment plan of 2016
g

1700 | Discussion

Session 4: TKI Dotter Project
930 | Elis Penning “Introduction of the TKI dotter project”

10:00 | Ge van den Eerwegh "Monitoring of aquatic vegetation for hydraulics and
ecologicaltargets by hyperspectral sensor using UAV"

1030 | Coffee break
100 |

3.24 (Th). Deltares Utrecht

130 | “TKI-Dotter

1200 | Lunch
1330 | Mike van der Werf

1530 | Coffee break
1600 | Lunch

Session 5: Future Cooperation

930 | Elis Penning

“Inviting more groups to the jint project: University of Idaho, Deltares”

1000 | - Austen Pl inar at KICT”

10:30 | Discussions forfuture cooperation
1100 | Yong-Uk Ryu “Finishing the seminar”

O 1-4, YAt =20 - Deltares-KICT Seminar: Interaction between vegetation patchiness and

3.25 (fri). Deltares Utrecht

International Seminar between KICT & Deltares

teraction between vegetation patchiness and river hydraulics

Seasonal development of vegetation in streams and rivers can introduce enlarged

flow obstruction, and increased flood risk upstrear of dense vegetation patches At

the same time vegetation is a natural aspect of flowing waters and valued for its
other organisms

have on water conveyance. For example, when plants grow in floodplain of regulated
tivers, they can seriously hamper conveyance of water during high discharge condi-
tions. During ions, safety risk,

ing thousands of people and businesses i the areas adjacent to the rivers. As flood-
plains of rivers are more and more valued because of the ecosystem services they

PROGRAMS

Session 1: Cooperation between KICT and Deltares
3.21 (Mo, Deltores Delft

KICT and Deltares”

30 | ElisPenning

%00 | “Interational relationshi ith Asia”

1430 | Yong-Uk Ryu *Real scale experiments at the River Experiment Center, KICT”
1500 | Un|i "River morphology studies of KICT”

1530 | Coffee Break

iave to offer P one hand 16:00 | “Safety for-the ‘measures
thetherhand 1700 | Discussion

Korea Institute of Civil Er & Building logy (KICT) and

been working on the interaction between vegetation and open channel flows and Session 2: Field Trip 3.2 (1ue) Woardenburg, Tiel

organize this seminar future works

with Korean Ministry of ture and Transport 900 | Waal River, Waardenburg

(KAIA International Cooperation Project) and Dutch Minister of Economic Affairs (TKI
Project). The seminar consists of presentations, discussions and field trips with intent
to share from fundamental theories to empirical experiences. We welcome scientists
and engineers interested in the topic and international cooperation in Deltares and
Technical University of Delft s well as KICT.

‘Yong-Uk Ryu, KICT
Elis Penning, Deltares

ORGANIZATION

| Korea Institute of Civil Engineering

p and Building Technology
= Yong-Uk Ryu, Ph.D.
KICT Joon-Gu, Kang, Ph.D.

Dong Sop Rhee, Ph.D.
Sang-Hwa Jung, Ph.D.
UnJi,PhD.

| Deltares
Ellis Penning, Ph.D.
Bas van Vossen
Mike van der Werf
Rik Noorlandt - Austen
Koen Berends
Valesca Harezlak
Wijnand ljzermans
Marloes Wittebrood

H0
| KnowH20
Gevan den Eerwegh, Ph.D.

3
TUDelft

| Delft University of Technology
Erik Mosselman, Ph.D.

river hydraulics

1200 | Lunch
1400 | Water Authority Rivierland,, Tiel

Session 3: Effect of Vegetation on River Flows
2.23 (Wd), Deltares Delft

930 | Joon-Gu Kang *

alternating placement’
10:00 | Elis Penning i iver hydraulics”
1030 | Sang-Hwa ung “Ca ical habi
using ANFIS method”
1100 | i

for optimal river management, River Care"

1130 | Discussion
1200 | Lunch

llsan Campus

283, Goyang-daero, lsanseo-gu, Goyang-si
Gyeonagi-do, Rep. of Korea
Tel +82-31-9100-114

Andong Campus
942, Agok.gil, Namhu-myeon, Andong-si

Gyeongsangbulcdo,Rep.of Korea
Tel. +82-54-843-1801

Delft Campus

Boussinesauweg 1, 2629 HV Delft
PO.Box 177

2600 MH Delft
Tel.31-{0)88-335-8273

Utrecht Campus

L
Princetonlaan 6-8, 3584 CB Utrecht
PO, Box 85467
3508ALUtrecht
Tel. +310)88-335-7775
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. A} 2 - Deltares, KICT, U. of Idaho Seminar: Invitational seminar of

University of Idaho for the joint project between KICT and
Deltares

(1) Session 1: Introduction of Large View River Design
0 Yong—-Uk Ryu "International joint project with Deltares and University of Idaho”
0 Andrew Tranmer "Optimality Theory to Guide Functional River Design”

oElowyn Yager "Improving predictions of hazards and sediment transport in

headwater streams”

(2) Session 2: Experimental Approaches for River Evolution Mechanism

© Andrew Tranmer "Braided channel and river evolution”

o Elowyn Yager "The geomorphic significance of vegetation”

o Un Ji "Numerical simulations of morphological changes over vegetated flows”

o Sang-Hwa Jung "Field observation and laboratory experiments of hyporheic flows”

oYong-Uk Ryu "Experiment plan over the meandering channel of the River

Experiment Center”

0 Tele-meeting with Deltares

_10_



Invitational seminar of University of Idaho for -
the joint project between KICT and Deltares |

As an effort to expand the joint project between KICT and Deltares, KICT organizes
‘the seminar inviting two experts from the Center for Ecohydraulics Research (CER),
University of !aaho thh the support by Mlmstw of Land Infrastrucme and Transport
{KAIA Project). W inar will give
achancetosee recem trends of ecohydraulic river researches as well as to advance the

DEIta res [l KI CT ] joint project more widely.
U.of Idaho ’

Andy Tranmer, Ph.D. Elowyn Yager, Ph.D,, P.G.
Research Assistant Professor Assodiate Professor
Centerfor h Centerfor

e m I n a Department of Gl Engmsenng Department of Civil Engineering
University of idaho Unnversity of Idao

PROGRAMS

Session 1: Introduction of large view river design 6.08 (Wed), KICT lisan

June, 8-10, 2016 10:00 | Yong-Uk Ryu “Interational joint project with Deltares and University of Idaho”
10:30 | Bas van Vossen "International relationship of Deltares with Asia”
1100 Yong-Uk Ryu “Real scale experiments at the River Experiment Center, KICT”

River Experiment Center
HYdI‘O Science & Er!glneerlng Session 2: Experimental approaches for
Research Institute river evolution mechanism 6.09 (Thu), KICT Andong
KICT ; o ]
R ep. of Korea 10:00  Andrew Tranmer "Braided channel and river evolution”

0 Elowyn Yager "The geomorphic slgnm(ance of vegetation”

200 UnJi "Numerical i i al ch vegetated flows”

) Sang-Hwaung"F ion and laboratory experi t hyporheic flows”
) et
Yong-UkRyu

]
“ KoiB® Saer Cclo

the ing channel of the River Experi Center”

Pl

1-6. At =22 - Deltares, KICT, U. of Idaho Seminar: Invitational seminar of University
of Idaho for the joint project between KICT and Deltares
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A 1 - Deltares—KICT Seminar: Interaction between vegetation

patchiness and river hydraulics

(1) Session 1: Cooperation between KICT and Deltares

O

Ellis Penning "Joint project on vegetated flows between KICT and Deltares®

.
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Bas van Vossen "International relationship of Deltares with Asia”
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o Yong-Uk Ryu "Real scale experiments at the River Experiment Center, KICT"
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oUn Ji "River morphology studies of KICT*
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(2) Session 2: Field Trip
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o Ellis Penning "The link between vegetation patchiness and river hydraulics
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o Sang-Hwa Jung "Composite suitability index for physical habitat analysis using
ANFIS method”
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0 Valesca Harezlak "Ecological aspects of Dutch collaboration research program for
optimal river management, RiverCare®
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© Dong Sop Rhee "Effect on river habitat change by small dam removal considering
vegetation
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o Un Ji "Roughness coefficient analysis on vegetated flows in the large scale
channel”
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River Mode! Application Chart
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(4) Session 4: TKI Dotter Project

O

Ellis Penning "Introduction of the TKI dotter project®
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0 Ge van den Eerwegh "Monitoring of aquatic vegetation for hydraulics and

ecological targets by hyperspectral sensor using UAV*®
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o Rik Noorlandt-Austen "TKI-Dotter experimental settings and software design
- TKI Project
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- TKI Projectoll A4 34}3 UAVEof
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b

UAV~”

B

Interaction between

Vegetation patchness
andriver hydraulics

March 2125, 206

Deltares,
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Sediment supply: Weir
Sediment slug

Sediment supply:
Sediment slug

Sluice gate at the
downstream end

Sediment
retention basin
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Power rig

& 3-46. X242 7+ 2HSpectral imaging camera)

© Yong-Uk Ryu "Finishing the seminar”
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1. 3AF 2 - Deltares, KICT, U. of Idaho Seminar: Invitational seminar of
University of Idaho for the joint project between KICT and
Deltares

(1) Session 1: Introduction of Large View River Design
o Yong-Uk Ryu "International joint project with Deltares and University of Idaho“
- Deltares-KICTZF 3 5d 7 718 % Idahotl 3} &5 A7 ¥t A7)
- Idahot 8t A7-x3 AF4 & AFAE HE
vl o NSF Aleh AFAQES Hx= gk AG54 270

0 Andrew Tranmer "Optimality Theory to Guide Functional River Design®
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Functional River Corridors

* Dynamicstability
Statistically predictable

Flood and debris flow
attenuation

Support native ecosystems (fish,
vegetation)

* Allow public access

Require minimal dredging or
engineeringworks

* 5 linearly independent
relations are required.

* There are only 4 available
1. Particle resistance

2. Fluid resistance

3. Continuity

4.

5. Other?

Sediment Transport

Fluctuating hydrograph
Variable sediment inputs
Mobile boundaries
Migrating planform
Dynamic vegetation

— Season

— Community evolution

Humans build permanent
infrastructure

* How to attain minimum excess kinetic energy design?

. Do channels evolve to satisfy certain extremal hypotheses?
2. Does planform affect sediment transport?
3. Does vegetation influence morphologic stability?

. Does cross sectional shape restrict sediment transport?

ot

MAl &

oElowyn Yager "Improving predictions of hazards and sediment transport
headwater streams”
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Onset of motion: balance of driving and resisting
forces

Lift force
Drag force

O3 3-49. 2 YR}
Laboratory measurements

Mobile test grain with 7 internal

Test‘% ! pressure sensors (1000Hz)

" sits on tripod of 3 force sensors
(1000 Hz)

13 3-50. 2 Y}

Temporal fluctuations in applied forces

Videos by Mark Schmeeckle

SHEOIM At Of

Ol

Net force fluctuations driven by rearrangement of
sediment

ol & A +XZ2

(2) Session 2: Experimental Approaches for River Evolution Mechanism

o Andrew Tranmer "Braided channel and river evolution®

- S AN e AW ATE 27
g Agstde]l B4 olhe e R R x7) WARA A o
o oAM= FTag A4
- ggse sAwes uel A oldrFs Aol mek EANRE fuse
Jol & FH = W A

Increased Storm Severity

+ Increased flood risk
+ Frequent dredging
* Raise 5 bridges
Raise levees
Flood walls

Cost: 26 B W

Incomplete

Room for climate change

No changes to bridges or
levees

1 Local bank sedimentation

| Plan completed: 1970

Damages: 0¥

hittp:/fwww.durangobill.comyAnimasRiver Flood htmi
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Rio Murta Profile

Gradient of evolution in the basia

Particle imaging velocimetry records spatial and
temporal variations in downstream and vertical
velocities

Measure-near bed turbulence (3D) and
sediment transport rates

Minimum stream power per unit area

(Bagrold, 1968)

j=|

1o

% 25t

Tel7b glout PIV/E S

High-speed video records spatial and temporal
variations in the sedimenttransportrate

&gl ﬂilj

"~ Video camera

Clustered vegetation may alter the near-bed
turbulence and bedload transport patterns
similarly to rigid simulated vegetation
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o0 Un Ji "Numerical simulations of morphological changes over vegetated flows

Hoz 7Y

"Experiment plan over the meandering channel of the River
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o Discussion and Tele-meeting with Deltares
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Main Factors are decided by each sxperiment purposse.
Factors : Velocity, Depth, Suspended sediment density, Bed elevation, Bed material

| W ) Full scale vegetation
nts to avoid scale eff

Sedimentation
{(Velocity, Depth, Suspended sedi
et dersity, Berd slevasion, Bed mia

teral) [
Flow chara istics around v
\./ egetation in field condition
{Velocity, depth, bed change, welncly
profie. Secondery fiow, ResEance)

i etation and aquati
{Velocity, Depth, Bed eleation, Berd maternsl)

sediment densiy, Bed elevation,
Bed materal
Relationshi habitats
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Deltares

Enabling Delta Life 7

During crisis and disaster situations, important and quick decisions must be made that can

depend on access to large amounts of data. At times like this, occess to all the relevant data

and tailored visualisations is crucial. The Deltares interactive data research laboratorny (iD-Lab)

combines and displays all the important data for a specific project at a specific moement. This new

facility will be available to policumakers, researchers and experts in the field of water, subsurfoce
and infrastructure. A facility of this kind 1s very much needed in order to establish the platform

required for knowledge development and knowledge sharing.

The iD-Lab can be used interactively in different ways:
(1) real-time respanse and disaster managerment (2]
training, exercises and education (3) collaborative
research (4) visualisation and demonstration. Al
these functions can also be combined. Universities,
research institutes, consultants and governments in
particular will benefit from the iD-Lab, allowing them
the capability to make fast and effective decisions
based on reliable results.

1 Real-time response and disaster management
The iC-lab can be used for emergency advice
during international and national disasters. It
draws on operational research in the field of flood
forecasting (from global to regional scales) for
rivers, estuaries and coasts, with models being set
up and communicated guickly during a major event.
The facility has access to global flood and drought
models. Operational sustems can be tested live.

Overw e of couneies wovl d-uwide where DE-FEWS
15 UEST 5 0 [OTGNT for OpSRITION Gl fONECasTng

2 Traiming & education
The facility can also be used for hands-on trairing
in the use of specific software (hudrologicdl
or geotechnicall, and the development and

imterpretation of models. Examples include the use
of Delfe-FEWS, Delft30 or DAM for specific stuations.

2l 6-1. Deltares®| iD-Lab A7|| XI&
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CHsaster Managemen
= e

Dvensaw of thel D-Lobfuncions

The layout of the iD-Lab is shown in the below. It
includes an operations room for disaster management
activities which also acts as a space for collaborative
research and design sessions.

The i0-Lob con NOST @SISIEr Management aparanions, rralmng
exercises, and colabrane resench arn Wies

Deltares

POBox 177

2600 MH Delft. The Netherlands
T +371 (088 3353273
info@deltares.nl

www. deltares_nl

3 Collaborative research

By bringing together different experts (from
different disciplines) the facility will drive creative
innovations. The iD Lab can host sessions about
interactive modelling development  workshops,
design sessions and stakeholder meetings. The
iD-Lab will provide major benefits for consortiums
working on European Research Programmes, where
the main goadls include knowledge development and
knowledge sharing.

& Visualisation and demonstration

The iD-Lab is o place where technical capabilities
can be visualised and demonstrated. It displays
state-of-the-art tools, models and software being
used around the globe in the fields of forecasting
information management, data science and decision
support (examples being Delft-FEWS, Delft3D,
SOBEK, ¥Beach, 300 DAM Live, iMOD, 3D Fexible
Mesh and Delta Shell).

There is also a separate area in the iD-Lab for
demonstrations and collaborative sessions standing
around the touch table and touch sereen facilities.

WiSUoRST TN GRd cemons radon s

More information
For maore information obout the wse of this
facility. you can contact Annette Zijderveld.
tel +37(0188335 B259 or send an e-mail to
id-lab@deitares.nl.

712l 6-1. DeltaresQ| iD-Lab A7 XIE(H=)
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Enabling Delta Life

Software
Delft-FEWS

The development of hydrological forecasting and waming systems is an essential element in
regional and national sirategies. Recent developments in numencal weather prediction, radar data
and on-line meteorological and hydroloegical data collection have resulted in an increasing focus on
data import and data processing. The challenges for developing a modem hydrological forecasting
-andurar:i.rqs)lshernaehundh&beinhgnﬁunufhrgedahséls.spedal'ﬁedn‘nddamp{m
the data, and open interfaces to allow easy integration of existing modelling capacitiss.

In response to these challenges, Delfi-FEWS provides a state of the ant hydrological forecast and
warning system. The system is a sophisticated collection of modules designed for building a
hydrological forecasting system customised to the specific requirements of an  indiidual
organisation.

The philosophy of the system is to provide an open shell for managing the data handling and
forecasting process. This shell incorporates a comprehensive library of general data handiing
utilities, allowing a wide range of external forecasting models to be integrated in the system
through a published open interface.

Appication of Def-FEWE for the Sevem Catchmens, Mdiands Region, UK irpmduced cowtesy of the Ervironment Agency, UK

Keywords: Deffi-FEWS, Forecasiing

6-2. Deltares®| Delft-FEWS &7l XI&
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Review for Deltares-KICT Seminar

1. Overall review for the joint workshop
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2. Achievements of the workshop
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0 Deltares

Review for Deltares-KICT Seminar

1. Overall review for the joint seminar

- The seminar was very beneficial for mutual learning, technical demonstration and
development of joint research. Through the seminar, we shared information on
environmental monitoring and advanced equipment related river vegetation. This seminar is
a good chance to know each organization more and to carry out better collaborations.

- Deltares members are very happy to use the facility of the REC and hope to expand this
cooperation using it and believe to obtain more valuable outcomes from cooperation.

2. Achievements of the workshop

- The scientific seminar with presentations on theory, methods and experimental results from
the REC facility was fruitful for sharing knowledge and information.

- Especially, disucssion on UAV and spectral imaging techniques are very helpful for our
joint project up to TKI project. Coming experiments in the REC for interaction between
vegetation and flows and spectral imaging technique will give us better results.

3. Plan for continuous collaboration

- The role of each organization comprehend the lack of technologies of each side. It will be
best that Deltares deals with numerical modeling with Delft3D and ecological approaches
while KICT REC focuses on large scale experiments with the unique facility.

— Through the TKI dotter project, we also can lead the techniques of UAV and spectral
imaging techniques.

- Continue collaboration between KICT and Deltares will look for more chances to expand
our network to other organizations in the world.

Organization: Deltares

Name: G.Blom Signature: Date: 2016.09.06
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